Environmental factors, including dietary fats, are implicated in colonic carcinogenesis. 
Introduction
Colorectal cancer is a leading cause of cancer-related deaths in the United States. In addition to genetic factors, dietary constituents play important roles in tumor development (1, 52). In this regard, diets high in animal fat predispose to experimental colon cancer (33) . Endogenous bile acids, secreted in response to dietary fats, are thought to contribute to this increased risk (1, 56, 69). The primary bile acids, cholic acid and chenodeoxycholic acid, are synthesized and conjugated to glycine and taurine in the liver and secreted into the bile to facilitate dietary fat absorption (29) . Most of the bile acids are re-absorbed from the distal small intestine via the enterohepatic circulation. A small fraction (less than 5%) escapes into the colon where they are deconjugated and further metabolized by colonic bacteria. In the colon, cholic acid is converted primarily to deoxycholic acid (DCA) 1 and chenodeoxycholic acid is metabolized to lithocholic acid. Epidemiological studies have suggested that these secondary bile acids promote colon cancer (9, 47) . The notion that elevated fecal bile acids are linked to increased risk for colorectal cancer is also supported by the observation that patients with colorectal adenomas have elevated concentrations of bile acids in their blood and stool (3, 48) . We have demonstrated previously that feeding rats a diet containing cholic acid promoted the development of azoxymethane (AOM)-induced colonic tumors (17).
A number of potential mechanisms have been proposed for bile acid-induced colonic tumor promotion, including: (i) increased peroxidative damage to nucleic acids (15) ; (ii) increased peroxidative damage to lipids and proteins (14) ; (iii) increased reactive nitrogen and oxygen radicals that alter REDOX-sensitive cell signaling (34) . Several specific nuclear targets for bile acids recently have been identified, such as the pregnane X receptor, the farnesoid X receptor and the nuclear vitamin D receptor permitting bile acid to control distinct patterns of gene expression (22, 38, 39) . However, no cell surface receptor for bile acids has yet been identified and it is presumed that these amphipathic molecules exert their effects by perturbing plasma membrane structure and function. In this regard, DCA also causes ligand-independent transactivation of epidermal growth factor (EGF) receptor in hepatocytes, leading to signaling through mitogen-activated protein kinase pathways (55, 70).
Focal Adhesion Kinase (FAK), a cytoplasmic kinase localized in focal adhesions, at which cells make close contacts with the extracellular matrix (ECM) through integrins, is one of the most prominently tyrosine-phosphorylated proteins in many cell types in response to cell adhesion (51). Engagement of integrins and other adhesion receptors can induce activation of FAK (5) , which leads to phosphorylation of several tyrosine residues through autophosphorylation and recruitment of Src (63). Each of the FAK tyrosine residues is implicated in generating a distinct signal, FAK Tyr-397 in recruiting Src, PI-3 kinase and p130Cas to focal adhesions; FAK Tyr-576 and -577 in up-regulating FAK kinase activity and FAK Tyr-925 in activating the Ras-MAPK pathway (61). FAK has been implicated in cell motility (63), apoptosis and anchorage-independent growth (20) . Because these are key processes by which a transformed cell becomes invasive and metastatic, FAK may be intimately involved in colonic carcinogenesis. Studies have demonstrated over-expression of FAK as colon tissues become transformed and develop into primary, invasive carcinomas (7) . Despite the wellcharacterized roles of FAK in focal adhesion formation, the function of this signaling component in the actions of DCA has never been studied. Here we report, for the first time, that DCA regulates FAK by selectively dephosphorylating distinct tyrosine residues through the recruitment of tyrosine phosphatase ShP2 and there is compelling functional evidence that secondary bile acids may regulate membrane signaling. Cell culture: Dr. Susan Kirkland (ICRF, London UK) generously provided the HCA-7 cells, that were derived from a rectal carcinoma (42) . Cells were grown in McCoy's media containing 10%
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fetal calf serum and penicillin/streptomycin mixture. Pre-confluent cells (70-80% confluent) were used for experiments. Cells were treated with DCA or vehicle for the indicated times and at the indicated concentrations.
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Cell viability and toxicity assays: Cell viability of DCA treated (100µM, 3hrs) HCA-7 cells was assessed by the colorimetric conversion of tetrazolium 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to formazan as previously described (46) . To assess cell death as a consequence of exposure to bile acid, cultured cells in 24-well plates were incubated with DCA (100µM, 3hrs). Cells were then incubated for 1 h in culture medium containing 5µg/ml propidium iodide, a cell membrane impermeant nucleic acid stain. Images of cells were obtained on a microscope equipped for phase contrast and fluorescence imaging. Total number of cells and the number of propidium iodide stained cells were counted. The average proportion of dead cells per well, calculated from three images, was considered to be a single data point.
Cell adhesion assays: 96 well plates were coated with collagen-I, fibronectin, laminin and polyl-lysine in pre-coating buffer (15mM Na 2 CO 3 , 35 mM NaHCO 3 , pH 9.4) overnight at 4 o C.
Nonspecific binding sites were blocked with 1% BSA in PBS for 1 hr at room temperature.
Serum starved HCA-7 cells were treated with DCA (100µM, 1hr), rinsed with serum free medium and harvested with 2mM EDTA in PBS. In some experiments cells were pre-incubated with serum free media containing 1mM MnCl 2 for 1 hr. followed by DCA treatment as described above. Recovered cells (5x10 4 /well) were plated in triplicate onto pre-coated 96 well plates in serum free medium containing 0.1% BSA and allowed to adhere for 30 min at 37 o C. Adherent cells were washed twice with PBS and fixed with 3.7% paraformaldehyde. Cells were then stained with 0.1% crystal violet in 20% methanol for 20 min. The dye was aspirated and wells washed three times with reagent grade water. The dye was extracted with 50% ethanol in 50mM sodium citrate, pH 4.5, and quantified by measuring absorbance at 550nm on ELISA reader. Western blotting: Proteins were extracted in SDS-containing Laemmli buffer and subjected to quantitative Western blotting as described previously (4) . Briefly, proteins (50µg) were separated by SDS-PAGE using a 10% resolving polyacrylamide gel and electroblotted. Blots were incubated overnight at 4°C with specific primary antibodies anti-FAK (1:5000), anti-ShP2
(1:3000), and anti-Src (1:5,000), followed by 1 hr incubation with appropriate peroxidasecoupled secondary antibodies and subsequent detection by enhanced chemiluminescence. overnight and then treated with or without DCA (100µM, 1hr). Cells were also lysed in lysis buffer and Western blot analysis was performed using ShP2 antibodies.
Statistics: Data were expressed as means ±SD. All statistical analyses were performed by student's t-test. Values of p < 0.05 were considered statistically significant.
Results
DCA inhibits integrin-mediated cell adhesion: DCA inhibited cell adhesion to collagen-I ( Adhesion to poly-L-lysine, which does not require integrins, was not affected by DCA-treatment ( Fig. 1g) . We chose to study these matrix proteins because collagen-I represents the dominant collagen of the interstitial matrix beneath the basement membrane, laminin is the dominant noncollagenous constituent of the basement membrane itself, and serum fibronectin is a primary constituent of blood clots, which often form on bleeding mucosal lesions.
Viability of HCA-7 cells after DCA treatment: Cell viability of DCA-treated cells was assessed with the MTT colorimetric assay, and propidium iodide staining. In MTT assay, mitochondrial dehydrogenases of viable cells convert MTT to purple formazan crystals. There was no change in MTT conversion in cells treated with 100µM DCA for 3 hours (negative data not shown).
Total cell death was also measured using propidium iodide, which indicates membrane integrity.
Viable cells exclude the dye. There was no significant cell death after DCA (100µM, 3 hrs) treatment (negative data not shown). stimulated with DCA showed reduction in kinase activity towards an exogenous substrate, poly (E4Y1) (Fig. 2d ).
FAK can be tyrosine phosphorylated on a number of tyrosine residues, including Tyr-397, -925 and -576/577 in response to various stimuli. To map DCA-responsive phosphorylation sites on FAK, we utilized a series of phosphospecific antibodies. DCA rapidly dephosphorylated Tyr-925 and -576 /577. However, DCA had little or no effect on the phosphorylation status of Tyr-397 ( Fig. 3 ).
Tyr-397 is the major autophosphorylation site of FAK that associates with c-Src during integrin activation. We investigated c-Src association with FAK by utilizing phospho-active Src and native Src antibodies ( (Fig. 6a) . To determine the potential involvement of PTPases in DCA-mediated dephosphorylation of FAK, we analyzed the effect of DCA on phosphorylation status of ShP1 and ShP2, the SH2 domain containing PTPases. DCA treatment significantly increased tyrosine phosphorylation of ShP2 but not ShP1 in a time dependent manner (Fig. 6b ). This suggests a relatively early involvement of ShP2 in DCA signaling.
Tyrosine phosphorylation of ShP2 has been correlated with its activation (67) . Next, we assessed whether DCA stimulated the enzyme activity of ShP1 and ShP2. Immunoprecipitated ShP1 and ShP2 from control or DCA treated cells were assayed for phosphatase activity using pNPP as a substrate. A two to three fold increase in phosphatase activity was consistently observed in ShP2 immunoprecipitates and significant activity was detectable as late as 30 min after DCA stimulation (Fig. 6b) . However, ShP1 activity was not significantly different. (Fig. 8b ). These results demonstrate that binding of Src to FAK is independent of FAK tyrosine dephosphorylation by ShP2. (Fig. 11c) compared to GFP-expressing cells. As predicted, DCA significantly decreased cell adhesion in Adv-GFP-infected cells (control). However, DCA had no effect on cell adhesion of FRNK-infected cells (Fig. 11c) .
ShP2 siRNA abolished the DCA effect on cell adhesion: Finally, we were prompted to determine (Fig. 12 ).
Discussion
The genesis of these studies was an initial observation that exposure of cultured HCA-7 colon cancer cells to DCA reduced the cell adhesion to extra cellular matrices. In an effort to better understand this phenomenon, we examined several aspects of FAK signaling that are believed to remains unknown, ShP2-dependent dephosphorylation of Tyr-576/-577 would be expected to reduce downstream signaling, in a fashion similar to the effect of dephosphorylation or mutation of catalytic subdomain VIII sites on other protein tyrosine kinases (19) .
Since tyrosine phosphorylation of FAK regulates its catalytic activity and association with other signaling molecules, dephosphorylation of tyrosine residues is potentially a very important 
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Further, the affinity of integrins for their extracellular ligands can also be regulated from within the cells through intracellular signaling that may be mediated through integrin cytoplasmic domains (36) . In our investigations, addition of manganese to medium didn't completely reverse the inhibitory effects of DCA on cell adhesion, indicating a possible inside-out signaling upon DCA treatment.
Although outside-in signaling pathways from integrin to the nucleus have been well studied, 
